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The Par-1 kinase is required for anterior–posterior
axis formation in Drosophila. New work has identi-
fied the posterior determinant, Oskar, as a Par-1
substrate. Phosphorylation stabilises Oskar, reveal-
ing a novel mechanism controlling its asymmetric
distribution.
Most, if not all, cells exhibit polarity, characterised by
the asymmetric distribution of cytoplasmic proteins.
Getting such molecules to the right place at the right
time is a vital task, particularly during early develop-
ment when the body axes are defined by the localisa-
tion of patterning molecules in the egg or early
embryo. In Drosophila, for example, the Oskar protein
is restricted, through a combination of mRNA locali-
sation and translational control, to the posterior pole
of the oocyte, where it is required for both posterior
body patterning and germline determination [1,2].
The universal importance of establishing cellular
protein asymmetries is illustrated by the conservation
of the underlying molecular machinery between very
different cell types. A striking example is the Par-1
kinase family, which is involved in establishing the
anterior–posterior body axis in both the Caenorhabdi-
tis elegans zygote and the Drosophila oocyte [3–5].
Furthermore, Par-1 homologues have been implicated
in regulating apical–basal polarisation of cultured
mammalian epithelial cells, and in directing polarised
growth of fission yeast [6,7]. The precise function of
these proteins remains unclear, but mammalian homo-
logues have been shown to phosphorylate micro-
tubule-associated proteins, suggesting that these
kinases regulate the formation of the polarised cyto-
skeletal networks essential for the directed transport
of cytoplasmic proteins [8].
In their recent analysis of the role of Par-1 in the
Drosophila oocyte, Riechmann and colleagues [9]
have demonstrated that these kinases might have
other, more specific functions in the generation of
asymmetric protein distributions. They have shown
that Oskar is a substrate for Par-1, and obtained evi-
dence that phosphorylation leads to the stabilisation
of Oskar protein at the posterior end of the oocyte.
Their results reveal yet another mechanism which
ensures that high levels of Oskar protein are present
at, and only at, the posterior pole.
Each Drosophila egg chamber contains a cyst of 16
germline cells, comprising a single oocyte and 15
nurse cells. oskar mRNA begins its journey at its site
of synthesis in the nurse cells, from where it is trans-
ported into the oocyte upon a polarised microtubule
network which permeates the cyst (Figure 1A). Subse-
quently, the microtubules within the oocyte reorgan-
ise, acquiring an anterior–posterior polarity which
directs oskar mRNA specifically to the posterior pole
(Figure 1B). Here, translational repression of the mRNA
is relieved, allowing accumulation of Oskar protein.
This nucleates the formation of pole plasm, which
contains determinants that pattern the abdomen and
specify the primordial germ cells, known as pole cells.
Previous studies revealed two functions for Par-1 in
regulating oskar mRNA transport. In the complete
absence of Par-1, oskar mRNA fails to accumulate
stably in the oocyte, because of defects in the estab-
lishment of the polarised microtubule network within
the developing cyst [10,11]. In egg chambers with
reduced Par-1 activity, this early step is completed
successfully, but the subsequent reorganisation of
oocyte microtubules is aberrant, causing oskar mRNA
to be directed to the oocyte centre, rather than the
posterior cortex. As a consequence, pole plasm fails
to be assembled, and the resulting embryos lack both
abdominal structures and pole cells [4,5]. Although
this requirement for Par-1 in two microtubule-dependent
processes is consistent with the biochemical activity
of mammalian homologues, no relevant substrates
have been identified.
One intriguing observation made in these studies
was that Par-1 protein co-localises with Oskar at the
posterior pole (Figure 1C). Par-1 localisation depends
on the correct targeting of oskar mRNA to the posterior,
and thus occurs only after the reorganisation of the
oocyte microtubules. This hinted that Par-1 might have
a third function in the germline, downstream of oskar
mRNA localisation, possibly in some aspect of pole
plasm assembly. To investigate this, Riechmann et al.
[9] examined weak par-1 mutants in which oskar mRNA
localisation is largely normal. Surprisingly, the resulting
embryos displayed significant reductions in pole cell
number, the phenotype most sensitive to oskar gene
dosage [12]. Consistent with this, Oskar protein level
was found to be reduced in these mutants, revealing a
requirement for Par-1 in the accumulation of Oskar.
The translational repression of oskar mRNA during its
transport is mediated by sequences within the 3′-
untranslated region (UTR) [13]. To test whether Par-1
might be involved in alleviating this repression at the
posterior pole, Riechmann et al. [9] expressed oskar
mRNA containing a heterologous 3′-UTR that is not
subject to translational repression, in both wild-type and
par-1 mutant ovaries. Significantly, the level of Oskar
protein produced from this mRNA was still sensitive to
reductions in Par-1 activity, indicating that this kinase
affects Oskar through a post-translational mechanism.
Two previous observations — that Oskar is a phos-
phoprotein, and that mutations reducing this phos-
phorylation also diminished Oskar protein levels [14] –
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led Riechmann et al. [9] to hypothesise that Par-1
might affect Oskar protein by direct phosphorylation.
Using in vitro kinase assays, they found that Oskar is
indeed a substrate for Par-1. Furthermore, by manip-
ulating levels of Par-1 in the germline, the authors
observed that the level of phosphorylated Oskar cor-
related with Par-1 activity, suggesting that Oskar is a
substrate for Par-1 in vivo.
The link between Oskar phosphorylation status and
protein level indicated that phosphorylation might act
as a simple tag to regulate protein stability. Reichmann
et al. [9] tested this by assessing the effect of Par-1
phosphorylation on the stability of in vitro synthesised
Oskar, when incubated in Drosophila ovarian extracts.
They found that unphosphorylated Oskar degrades to
half the original level within two hours, while the phos-
phorylated protein is stable over this time.
This work reveals yet another level of complexity in
the mechanism that concentrates Oskar at the poste-
rior pole (Figure 2). In addition to the specific targeting
and translational control of oskar mRNA, Oskar protein
promotes its own accumulation by anchoring oskar
mRNA to the cortex, and by binding to the RNA heli-
case Vasa to further stimulate its translation [13,15].
The recruitment of Par-1 to the posterior pole, in order
to stabilise newly synthesised Oskar protein, defines
a third positive regulatory loop. Why so many con-
trols? If expressed in the wrong place, Oskar has dev-
astating effects upon embryonic patterning [12], so it
seems sensible to have several mechanisms for
ensuring expression only when and where desired.
For example, the inherent instability of Oskar might
counter any ‘leakiness’ in the translational repression
of oskar mRNA en route. At the posterior pole, however,
where oskar mRNA, and so Par-1, are concentrated,
Oskar can be safely stabilised.
The complex nature of the multiple, partially redun-
dant regulatory mechanisms employed to localise
Oskar probably typifies the strategy used to define the
polarised distribution of other proteins. In asymmetrically
dividing Drosophila neuroblasts, for example, the cell
fate determinant Prospero is segregated to one daugh-
ter cell by a combination of independent mRNA and
protein localisation [16].
The identification of Oskar as a Par-1 substrate
demonstrates that, in addition to their roles in regulat-
ing cytoskeletal organisation, Par-1 kinases can directly
regulate asymmetrically localised proteins. As Oskar
is unique to the Drosophila germline, determining
whether this is a more general feature of this kinase
family will require identification of substrates in other
polarised cells.
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Figure 1. Localisation of oskar mRNA during Drosophila oogenesis.
(A) A young Drosophila egg chamber, comprising a cyst of 16 germline cells (15 nurse cells and one oocyte) encapsulated by somatic
follicle cells. Microtubules nucleated in the oocyte extend throughout the cyst, providing a polarised track for transport of oskar mRNA
from the nurse cells into the oocyte. (B) A mid-stage egg chamber, in which the oocyte microtubules have re-polarised along the ante-
rior–posterior axis. oskar mRNA is now transported towards the microtubule plus ends, and therefore targeted to the posterior pole.
Par-1 is required to establish the microtubule arrays in (A) and (B). (C) A late-stage egg chamber in which oskar mRNA and Oskar
protein are now localised at the posterior. Par-1 protein co-localises with Oskar, suggesting an additional function downstream of
oskar mRNA localisation.
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Figure 2. Regulatory mechanisms concentrating Oskar at the
posterior pole.
oskar mRNA is translationally repressed during transport to the
posterior pole. This is relieved upon arrival, enabling Oskar
protein to anchor oskar transcripts to the posterior cortex. The
Par-1 kinase, recruited either by oskar mRNA or Oskar protein,
phosphorylates and stabilises Oskar. Oskar can bind Vasa, an
RNA helicase, which stimulates high levels of Oskar synthesis.
Although illustrated sequentially, the positive feedback loops at
the posterior probably act simultaneously.
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Intriguingly, C. elegans Par-1 is also intimately
involved in germline development: the protein seg-
regates to this lineage during early embryogenesis
and, as in Drosophila, germline differentiation is the
phenotype most sensitive to loss of Par-1 function [3].
Recent data indicate that formation of the C. elegans
germline relies on selective stabilisation of determi-
nants in this lineage [17,18]. It is interesting to specu-
late that the phosphorylation and stabilisation of
proteins by Par-1 kinases might be a conserved
mechanism for determining the germline.
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